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(54) WASTE PLASTIC RECYCUNG SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To convert a waste plastic into monomers, oils, gases, 
etc., by mixing water with a fuel and an oxidizing agent, burning the fuel to raise the 
temperature of water to a supercritical state and then feeding the waste plastic. 
SOLUTION: Water is mixed with a fuel such as a hydrocarbon and/or an alcohol 
and an oxidizing agent such as hydrogen peroxide and/or air, etc., and the fuel is 
burned preferably in the presence of an oxidation catalyst such as an element of 
the group 8 of the periodic table to raise the temperature of water to a 
supercritical state or a subcritical state. Then a waste plastic is supplied to the 
system to convert the waste plastic into monomers, oils, gases, etc. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The waste plastic recycle system characterized by changing this waste 
plastic into a monomer, an oil, gas, etc. by mixing an oxidizer with a fuel in water, 
carrying out temperature up of said water to supercritical or a subcritical state by 
burning a fuel, and supplying a waste plastic after that in the waste plastic recycle 
system which changes a waste plastic into a monomer, an oil, gas, etc., and changes it 
into a reusable gestalt with supercritical water. 

[Claim 2] The waste plastic recycle system characterized by controlling reaction 
temperature by changing said amount of fuel supply in claim 1 based on the 
presentation after said waste plastic was changed by a monomer, an oil, gas, etc. 
[Claim 3] The waste plastic recycle system with which said fuel is characterized by a 
hydrocarbon or/and alcohol, and said oxidizing agent being a hydrogen peroxide, 
oxygen or/, and air in claim 1. 

[Claim 4] The waste plastic recycle system characterized by the reaction of said fuel 
and oxidizing agent advancing by coexistence-ization of an oxidation catalyst in claim 
1. 

[Claim 5] The waste plastic recycle system with which said oxidation catalyst is 
characterized by including the 8th group element of the periodic table in claim 4. 
[Claim 6] The waste plastic recycle system characterized by controlling said oxidizing 
agent amount of supply in claim 1 using the oxygen density before said waste plastic 
supply. 

[Claim 7] The waste plastic recycle system characterized by grinding said waste 
plastic and being supplied after mixing with water in claim 1. 

[Claim 8] The waste plastic recycle system characterized by collecting the heat which 
the water-monomer after changing said waste plastic into a monomer, an oil, and gas, 
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an oil, or gas has in claim 1, using for a part of temperature up of said water, 
separating a monomer, an oil, or gas from water after a temperature fall, and reusing 
water. 

[Claim 9] In the waste plastic recycle system which changes a waste plastic into a 
monomer, an oil, gas, etc., and changes it into a reusable gestalt with supercritical 
water Supply water from the inlet port of a tubular reactor, and a fuel and an oxidizer 
are supplied from two branch pipes formed in the coil, respectively. The waste plastic 
recycle system characterized by forming the branch pipe for carrying out temperature 
up of said water to supercritical or a subcritical state, and supplying waste plastic or 
waste plastic-water mixture to the downstream of said two branch pipes by burning 
said fuel. 

[Claim 10] The waste plastic recycle system characterized by preparing an oxidation 
catalyst layer in the fuel combustion part between said two branch pipes and the 
branch pipe formed in the downstream in claim 9. 

[Claim 11] The waste plastic recycle system characterized by changing this waste 
plastic into a monomer, an oil, gas, etc. by supplying water, a fuel, and an oxidizer from 
the lower part of a fluidized bed reactor, carrying out temperature up of this water by 
combustion of this fuel in the waste plastic recycle system which changes a waste 
plastic into a monomer, an oil, gas, etc., and changes it into a reusable gestalt with 
supercritical water, considering as the water of supercritical or a subcritical state, and 
supplying waste plastic or waste plastic-water mixture there. 
[Claim 12] The waste plastic recycle system characterized by containing a basic 
compound in said fluid bed in claim 11. 

[Claim 13] The waste plastic recycle system with which the bed material contained 
inside said fluidized bed reactor is characterized by including an oxidation catalyst in 
an oxidation catalyst or a bed material in claim 11. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the waste plastic recycle system 
which changes a waste industrial product into the valuables which were collected by 
grinding [ crushing ] and sorting out, and which can reuse a waste plastic like a 
monomer, an oil, and gas. 
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[0002] 

[Description of the Prior Art] Plastics, a metal, glass, etc. are contained in the waste 
industrial product, a waste industrial product is crushed and ground, magnetism, an 
eddy current, and a wind force sort out a valuable metal, and development of the 
technique divided into plastics, a valuable metal, and dust is furthered. Although 
recovery and reuse are possible about a valuable metal, about reuse of plastics, it has 
stopped at the material recycle again used as plastics. Moreover, about dust, although 
plastics is a principal component, since metals are contained including various plastics, 
recycle is difficult. About the plastics which cannot carry out material recycle, there is 
no approach of processing in addition to reclamation or incineration. 
[0003] The approach of on the other hand hydrolyzing or pyrolyzing, using 
supercritical water (water more than 374 degrees C and the critical point of 22Mpa) or 
subcritical water as a new approach of a waste plastic is tried (for example, 
JP,5-31000,A). However, in order to use this approach industrially, the development 
technical problem of many, such as a warm up procedure and the operation / control 
approach, occurs. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention aims at establishing the 
system which changes the plastics and dust containing inorganic substances sorted 
out and collected, such as variety plastics and a metal, into a monomer, an oil, and the 
valuables in which reuse like gas is possible, and recycles them from a waste industrial 
product with supercritical water or subcritical water. 
[0005] 

[Means for Solving the Problem] As a result of doing research and development 
wholeheartedly, this invention is produced about the approach of changing into a 
recyclable gestalt with supercritical water or subcritical water about the plastics and 
dust which are obtained after crushing and sorting out a waste industrial product, in 
order to solve the above-mentioned technical problem. 

[0006] That is, the approach for heating water first and making it supercritical or a 
subcritical state was examined. There is a method of heating water with an electric 
furnace etc. from the exterior as a heat source for carrying out temperature up to the 
above near the critical point. However, when heating from the outside, there is a 
problem of rate of heat transfer, effectiveness is bad and a mass furnace is needed. 
Then, when artificers put in the fuel and the oxidizer into water and temperature up 
could be carried out to combustion initiation temperature, I thought after it that 
temperature up would be possible to the temperature near the critical point beyond it 
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with heat of combustion. As a fuel, carbon content compounds, such as kerosene, gas 
oil, a methanol, and ethanol, can be used. What is necessary is just to use a hydrogen 
peroxide, air, or oxygen as an oxidizer. In the result of an experiment, when there was 
the amount of oxidizers to a fuel more than the equivalent, although it changed with 
fuel classes, combustion began from about 200 degrees C, and it has checked that 
temperature rose depending on fuel concentration. It is possible to carry out 
temperature up of the water even to supercritical or subcritical by this, even if it does 
not heat from the outside, It was made for the oxidizer amount of supply not to be in 
an oxidizer lack condition by asking for the residual oxidizer concentration after fuel 
combustion, and carrying out feedback control so that an oxidizer may remain a little. 
In addition, products of combustion is a carbon dioxide and there is almost no effect 
to processing of plastics. 

[0007] Next, examination was advanced about processing of the dust containing 
inorganic substances obtained by grinding and sorting out a waste industrial product, 
especially a disposable-household-electric-appliances article, such as variety plastics 
and a metal. If recycle of the plastics in dust is possible, compared with dust, it will 
become possible naturally also about sorting and the collected recycle of plastics with 
high purity. Then, the experiment was mainly advanced for dust. 
[0008] About 70% of plastics is contained in the used dust. Plastics is crossed to a 
variety. Although it changes with classes of dust, as thermoplastics, polyethylene, 
polypropylene, polystyrene, polyvinyl chloride resin, polyethylene terephthalate, etc. 
are phenol resin, a urea resin, melamine resin, an unsaturated polyester resin, an 
epoxy resin, urethane foam, etc. as thermosetting resin. When processing with 
supercritical water or subcritical water, the plastics kind which can be disassembled 
changes with temperature and pressures. On condition that a certain temperature and 
a pressure, if temperature is too high, decomposition will advance, and matter like 
polyethylene terephthalate which decomposes and is easy to be changed into a 
monomer will be changed even into an oil or gas, for example. On the other hand, in 
the plastics which is hard to be decomposed, if temperature is low, decomposition will 
not advance. Therefore, selection of the conditions for it being the most economical 
or collecting the products of the presentation made into the object is needed. In this 
invention, when the reaction made into the object was not obtained from a product 
presentation, how (fuel is interlocked with and the oxidizer amount of supply also 
changes change) and reaction temperature was taken by changing the amount for 
temperature up of fuel supply. 

[0009] Since it is generated in the mixed state, a product will need to use the 
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separation approach properly suitably with the presentation. About the separation 
approach, the existing various approaches are applicable. Moreover, purification of a 
product is also required if needed. The existing approach is applicable also about 
purification. 

[0010] Moreover, the vinyl chloride resin containing chlorine etc. is contained in 
plastics. By decomposition, chlorinated plastics generates chlorine. In water, it 
becomes a hydrochloric acid, and since corrosive [ strong ] is shown, there is a 
problem that an equipment ingredient corrodes. What is necessary is to add an alkali 
like a sodium hydroxide and a calcium carbonate beforehand underwater, and just to 
neutralize as the cure. 

[001 1] As an approach of carrying out temperature up of the water to supercritical or 
a subcritical state, when supplying heat from the exterior, since heat is transmitted in 
a reaction vessel wall and reaches water, it is influenced of rate of heat transfer. 
Moreover, there is heat loss transmitted in a reaction vessel wall. Since the 
temperature of water is raised with the heat of combustion by the reaction of a fuel 
and an oxidizer, there are not rate-of-heat-transfer lowering by the reaction vessel 
wall and heat loss, and water temperature can be promptly raised [ be / it / under / of 
water / setting ] in this invention more than it near the critical point. Moreover, to a 
fuel, if there are too many amounts of oxidizing agents, an oxidizing agent will remain, 
and it will react with plastics, and will be changed into a carbon monoxide or a carbon 
dioxide. Then, control of the amount of oxidizers becomes important. In this invention, 
the amount of superfluous oxidizing agents after combustion is detected, and it 
includes carrying out feedback control so that the oxidizing agent beyond the need 
may not be supplied. 

[0012] In case a waste plastic is introduced into supercritical or subcritical water, it 
mixes with the approach of pulverizing (for example, frozen crushing) and supplying as 
it is, or water, and it is made the shape of a slurry or sherbet, and supplies. If a waste 
plastic contacts the water of supercritical or a subcritical state, plastics will hydrolyze 
or pyrolyze and low-molecular-weightHzation will start. 

Low-molecular-weightHzation is influenced by temperature, the pressure, time 
amount, especially temperature and time amount. Moreover, it changes also with 
plastics kinds. Plastics, and the metaled class and metaled amount which are 
contained as the purity and the impurity of plastics which are collected with the waste 
industrial product to process change. So, in order to collect the target processing 
products efficiently, it is necessary to always supervise a product and to control the 
temperature of a reaction, a pressure, and time amount. In this invention, the 
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presentation of a product is searched for periodically, and feedback control is 
performed so that temperature, a pressure, and time amount may be maintained by 
the proper value based on this. When there are many amounts of gas generation, 
reaction temperature is a little more specifically reduced by what (the amount of 
oxidizers is also decreased simultaneously) is decreased in the amount of the fuel 
mixed in water. Or the increment in a water flow rate or the waste plastic amount of 
supply is made to increase, and compaction of reaction time is aimed at. 
[0013] 

[Embodiment of the Invention] The example of this invention is explained below. 
[0014] (Example 1) The system shown in drawing 1 was produced using the tubular 
reactor. SUS tubing with a bore [ of 5.5mm ] and a die length of 770mm (die length 
from a plastics feed zone to a condensator) was used for the reactor. The electric 
furnace was used for the preheater and temperature up was carried out to it to the 
combustion initiation temperature of a fuel. The methanol was used as a fuel and the 
hydrogen peroxide was used as an oxidizer. Consequently, in consideration of heat 
dissipation, the temperature up predicted from the calorific value of a methanol was 
accepted, and temperature in the point supplying [ waste plastic ] was able to be 
made into 400 degrees C. As a waste plastic, it is the particle size of about 0.1mm 
about polyethylene terephthalate. It ground, and it mixed with water, and it was made 
the shape of a slurry and supplied. The reaction mean temperature was maintained at 
about 400 degrees C. When the product was analyzed after cooling, it turned out that 
ethylene glycol and a terephthalic acid are accepted and polyethylene terephthalate is 
changed into the monomer. 

[0015] (Example 2) It tried to change reaction temperature like the example 1 by 
changing the amount of fuel supply (the oxidizer amount of supply also changing with 
the amounts of fuel supply). It checked that reaction temperature changed by 2 or 
decreasing the amount of fuel supply to 3/2 by an increment or 3/4, 1/2, or 1/4 time. 
At this time, the amount of supply of an oxidizer was also interlocked with the amount 
of fuel supply, and supplied the complement to combustion. At this time, the rate of a 
monomer, gas, and an oil changed with change of reaction temperature among 
decomposition products. In order to obtain the product made into the object from this, 
it turned out that what is necessary is to control the amount of fuel supply based on a 
product presentation, and just to change reaction temperature. 
[0016] (Example 3) It experimented like the example 1 except using oxygen as an 
oxidizer. However, in order to supply oxygen, as shown in drawing 2 , the branch pipe 
for oxidizer supply and the branch pipe for fuel supply were formed in the water supply 
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pipe, and fuel supply of the branch pipe of the upstream to the oxygen was carried out 
from the branch pipe of the downstream. The preheating section and the combustion 
section are called the temperature-up section even for the combustion initiation after 
fuel supply. Consequently, even if it used oxygen as an oxidizer, the same result as an 
example 1 was obtained. 

[0017] Moreover, in the fuel, even if it supplied the branch pipe of the downstream to 
the oxidizer, the same result was obtained from the branch pipe of the upstream. 
[0018] (Example 4) The oxidation catalyst was inserted in the temperature-up section 
of Hazama of a fuel-supply branch pipe and a waste plastic supply branch pipe like the 
example 2. Arrangement of a catalyst is shown in drawing 3 . As an oxidation catalyst, 
what supported platinum, palladium, and nickel was used on the alumina particle. 
Consequently, even if it used which catalyst, compared with the example 2, it checked 
that it was possible to reduce the temperature of the preheating section. 
[0019] (Example 5) In order to collect the heat after a reaction and to use for a 
preheating like an example 1, the condensator was removed and between duplexes 
was attached in the preheater part as the heat recovery section. A system is shown in 
drawing 4 . The water containing the fuel and oxidizer which pass the water after 
reacting to duplex Hazama's outer tube part along a sink and an inner tube was 
preheated. Consequently, preheat temperature rose beyond the combustion initiation 
temperature of a fuel, and was able to reduce fuel used. 

[0020] (Example 6) Although the tubular reactor was used until now, the fluid bed 
reactor which filled up sand with this example into the interior as a bed material was 
used. The structure of a fluid bed reactor is shown in drawing 5 . It is the structure 
which can supply a fuel, an oxidizer, and water from the fluid bed lower part. Moreover, 
the waste plastic feed hopper was prepared a fuel, an oxidizing agent, and above the 
feed hopper of water, and the waste plastic was supplied. As an oxidizer, air was used 
and kerosene was used for the fuel. In order to start an experiment, the fuel could be 
made to carry out temperature up of the electric furnace (not shown all over drawing) 
to the reactor lower part beforehand to anchoring and the temperature which starts 
combustion. Once it carried out temperature up, after that, with the heat of 
combustion of a fuel, it could maintain beyond combustion initiation temperature and 
an electric furnace did not need to be used. As a waste plastic, it is the particle size of 
about 0.5mm about the shredder dust which came out of crushing and grinding / 
sorting process of a disposable-household-electric-appliances article. It ground, and 
it mixed with water and supplied. 

[0021] Consequently, the great portion of plastics contained in dust decomposed, and 
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the decomposition product of gas, an oil, etc. was acquired from upside extraction 
opening. 

[0022] (Example 7) It experimented like the example 5 except using a limestone as a 
bed material of the fluid bed. The great portion of plastics contained in dust 
decomposed like the example 5, and the decomposition product of gas, an oil, etc. was 
acquired from upside extraction opening. When the limestone which is a bed material 
was analyzed after experiment termination, the calcium chloride was detected and it 
became clear that the chlorine contained in plastics is being fixed to the limestone 
which is a bed material. 
[0023] 

[Effect of the Invention] Since reaction temperature is controllable by being able to 
carry out temperature up efficiently and changing the amount of fuel supply, since 
according to this invention a fuel and an oxidizer are added in water and temperature 
up of the water is carried out with the heat of combustion of a fuel, the target 
resultant is efficiently recoverable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing one example of the waste plastic recycle system of this 
invention. 

[Drawing 2] An oxidizing agent a fuel, drawing showing the supply approach of a waste 
plastic, and a tubular reactor. 

[Drawing 3] Drawing showing arrangement of a catalyst. 

[Drawing 4] Drawing showing one example of the waste plastic recycle system 
incorporating heat recovery. 

[Drawing 5] The structure **** Fig. of a fluid bed reactor. 
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